Recent studies show that the underlying amnioserosa works actively to help bring together the two epithelial sheets and close the embryonic hole during dorsal closure in fruitfly development.
It is not a good thing to have a hole in your epithelium. In the adult, such a defect is probably the result of some injury and a tissue repair cascade will rapidly kick-in to heal this wound [1] . In the embryo, these holes can be the consequence of a series of morphogenetic movements -a classic example of this is the gaping epithelial hole on the dorsal aspect of a Drosophila embryo at the tail end of embryogenesis. One of the last acts of fly embryogenesis is to seal up this hole, drawing lateral epithelium from the two sides of the embryo up and over the exposed extraembryonic amnioserosa to form a neat and subsequently invisible midline seam where the two segmented epithelial edges meet one another [2] . Two new studies [3, 4] one published recently in Current Biology [4] -have shown that the amnioserosa is far from being just a passive substratum during this hole closure process: it appears to actively direct epithelial advancement, while also playing a tugging role to draw the epithelium forward.
Much effort has been put into the genetic dissection of the fascinating morphogenetic process of dorsal closure [5] . Upwards of 30 mutant fly embryos fail in some way in dorsal closure, leading to various shapes and sizes of hole in cuticle preparations of the resulting larvae -generally they have names that illustrate the defect graphically, such as kayak, basket, canoe and coracle. These results have revealed the importance of several signalling cascades in directing dorsal closure, as well as the likely structural and motor components of the process. For example, several small GTPase molecular switches appear to play an essential role, as mutants or transgenic flies expressing dominant-negative forms of Rho, Rac or Cdc42 all fail to properly close the hole [6] [7] [8] [9] [10] , while zipper mutants, which are null for non-muscle myosin, are so named because they struggle to zipper the epithelial faces together [11] .
Until recently, it has been assumed that the key tissue player in dorsal closure is the epithelium, which has a cable of actin in its leading edge [11] and dynamic filopodial processes extending from front row cells which are critical for zippering up the epithelium at anterior and posterior ends of the hole [12] . The amnioserosa was somewhat ignored, and simply considered a passive substratum during the whole process. But, like all biology, the deeper you dig the more complexity you discover. Analogies with wound healing, which is clearly driven partially by re-epithelialisation and partially by wound-bed connective tissue contraction, should have suggested that the amnioserosa might be playing a more active role, and indeed recent studies [3, 4] have now shown that it almost certainly is.
Video analysis of the amnioserosa during the dorsal closure period has revealed how individual cells within this sheet shrink their apical surface with a contraction bias in the dorsoventral axis. In fact, some of the cells contract so much that they appear to drop down out of the focal plane of the amnioserosal sheet ( Figure 1 ). Transmission electron microscopy studies have confirmed how amnioserosa cells constrict their apices massively, particularly towards the end of dorsal closure [13] , but of course these descriptive data do not formally rule out that the amnioserosa is passively being squeezed by the advancing epithelial sheets.
The best evidence that the amnioserosa is exerting some tension that might aid in drawing the adjacent epithelial sheets over it comes from the elegant laser ablation experiments carried out in Dan Kiehart's lab [3] . In this approach, small holes are created by laser ablation either in the amnioserosa or in the adjacent lateral epithelium, locally releasing any potential tension within those tissues. A hole in the amnioserosa leads to gaping of the adjacent epithelium, which is very suggestive that the amnioserosa is an active player in the closure process. Moreover, a hole just back from the leading edge of the lateral epithelium results in rapid advancement, rather than retraction, of that region of leading edge, ruling out the possibility of pushing forces from the epithelium. These observations now make sense of earlier studies showing that mutant embryos in which the amnioserosa failed to form properly or died early were defective in germ-band retraction and dorsal closure [14] .
In the enlightened knowledge that dorsal closure is in fact the result of two tissue movements acting in concert, it becomes critical to figure out how these two tissues coordinate with one another. It seems that the epithelium advances forwards over a contracting substrate, just like a person walking slowly up a moving escalator. How are the two tissues physically linked? And what signals pass between the tissues as they ratchet forward? Clearly any R706 Current Biology Vol 11 No 17 tethering links between the advancing epithelium and the contracting amnioserosa must be dynamic. These adhesions may be at the tips of filopodia and lamellipodial protrusions from the front row epithelial cells, but as these protrusions appear to touch down transiently on the amnioserosa ahead of them [12] , it seems more likely that firmer links exist further back between the body of the front-row cells and the underlying amnioserosal cells. Immunostaining and green fluorescent protein (GFP) fusion protein techniques for visualising cell-cell adhesion components (such as α-catenin), and cell-matrix adhesion receptors (the integrins), will reveal whether one or both of these classes of adhesion molecules are present at the level of the actin cable of front-row cells. Either adhesion strategy might allow the epithelium to stay linked to, but also move forward over, a moving amnioserosal substratum.
Much is already known about the signalling cascades occurring within the front few rows of the advancing epithelia, and how these signals might direct the shape changes and motility machinery of the epithelial cells [5] . But in a recent paper from Lipshitz and colleagues [4] we are now told information about key signalling events that occur within the amnioserosa also. It is well established that activation of the Jun N-terminal kinase (JNK) cascade within leading epithelial cells plays some role in driving dorsal closure. But it seems that the same cascade, or more importantly, shutting down of the same cascade, within amnioserosal cells is also critical.
The new data [4] show that hindsight, which encodes a zinc finger transcription factor, is responsible for repressing JNK activity in the amnioserosa, resulting in switching off of at least two known JNK effectors, the transforming growth factor β (TGFβ)-related diffusible factor Decapentaplegic (Dpp), and a phosphatase, Puckered (Puc). In hindsight mutants, where JNK signalling is not repressed, dorsal closure halts. The authors speculate that this failure in dorsal closure is because the amnioserosa is now emitting precocious 'stop' signals to adjacent epithelial cells, and indeed they show evidence for disruption of the normal actin processes in leading epithelial cells in these mutants. But it could also be that the downregulation of JNK in amnioserosal cells is a necessary step in order for the amnioserosa itself to contract.
As with all new observations, these data raise several further questions. Perhaps first off, it would be nice to know more about the contractility machinery of the amnioserosa and more precisely how it interacts with the leading edge epithelial cells. This will entail some ultrastuctural studies and immunostaining for cytoskeleton and adherens junction components, coupled with live analysis of transgenic embryos expressing, for example, GFP-actin or GFP-α-catenin. We also need to figure out precisely how the amnioserosa coordinates contraction of cells within itselfis there a diffusible signal that leads to synchronous contraction, analogous to the folded gastrulation gene product [15] , which coordinates the apical contractions of epithelial cells in the ventral furrow region during fly gastrulation? Dorsal closure in Drosophila has now become one of the paradigms for studying morphogenetic movements during development. As such, it is a prime candidate for microarray studies which will reveal a fuller glossary of the genes involved in directing epithelial advancement and amnioserosal contraction. Soon we will know far more of the genetic players involved in dorsal closure, and it will be important that our cell biology studies keep pace with the genomics. And maybe one day, when we understand how a fly embryo closes a hole during development, we will come up with fundamental and conserved mechanisms which will help us in the search for better therapies to enhance the repair of skin wound holes in adult humans in the clinic!
